In this research, we developed a process that helped students connect cell and molecular biology concepts with problems in context of their lives. Specifically, we supplemented traditional teaching with problem, project and inquiry based laboratories, without changing the structure of the mandated biology curriculum. We ran the process twice, following the classroom based action research model. Our initial foray exhibited better student-developed projects and a modest improvement of test grades. Second time we compared changes in problem solving skills, attitude toward reading, writing and problem solving and improvement of traditional test grades from the beginning and end of the school year. This process made the biological concepts so interesting that by the end of the year nearly all students significantly (t (55) = −8.95, p ≤ 0.05) improved problem-solving skills and some students went further to develop and solve independent inquiries. They also exhibited improved attitude towards reading, writing and problem solving. However, we didn't observe any causal relationship between improvement of problem solving skills and test grade, since its trend showed little difference between first and second trial.
Introduction
This paper describes our investigation on the effect of a teacher designed sup-plemental interactive learning process supporting introductory biology courses at a high school in the City of Philadelphia. The primary aim of this research was to examine whether application of interactive hands on learning of the biological facts and concepts in the context of appropriate socioeconomic scenarios can improve inquiry type problem solving skills and content knowledge to make biology interesting and meaningful to all students. The secondary aim was to measure the conventional test performance of the same students.
The authors recognized that our students not only disliked Life-Science literature, but they also lacked the study skills to follow the scientific terms, language, facts, and to analyze and understand the data (inductive and deductive reasoning), and conclusions. They were unable to correlate scientific facts with most facets of their lives. It made the biology a boring, dull and useless subject that they were forced to learn. Most were happy if they could pass and forget it, which we believed resulted in poor test performance by 25% -30% of the students.
So we developed and implemented an idea in two iterations to supplement our traditionally time paced core instructions with strategically placed problems, projects and inquires. We believed this strategy helped the students develop their own deductive (research) questions and investigations, and thereby helped them to apply biology concepts to solve social problems instead of standard laboratories ( Figure 1 ). The process supported traditional teaching processes and tests throughout the school year. The students were required to complete a final project developed individually or in small groups based on the topics taught in the class, in addition to a final exam. The students exhibited substantial improvement in skills and ability to solve biological problems. The combined measure identified each student's progress and necessary interventions without any major curricular modification and cost overruns.
Literature Review
The emphasis on cellular and molecular sciences in high school biology curricula raised awareness of cutting-edge advances in molecular sciences, technology and medicine. Molecular genetics connected evolution with multiple aspects of our lives and society with irrefutable facts (Nishinakamura & Takasato, 2017; Wang et al., 2014) . However, the cross-disciplinary and multi-dimensional nature of cell-molecular biology is challenging for most high school students (Koba & Tweed, 2016; Cimer, 2012; Tibell & Rundgren, 2010; Sahdra & Thagard, 2003; Stewart, 1982) . Learning these topics requires a paradigm shift in conceptual understanding and an ability to connect between something tangible, such as anatomy, morphology, life cycle and food-web of living materials and ordinarily intangible molecular and logical rationalizations derived from disparate scientific fields explaining the same. In addition these fact-based materials required the students to learn a completely new scientific and technical language used exclusively in academic and technical circles (Grant & Lapp, 2011, A. Basu et al. Figure 1 . Model for implementing hands-on and mind-in projects supplementing traditional high school biology course. The design was implemented twice with necessary modifications as described below. Grant, Fisher, & Lapp, 2015) . It required the first author to teach high school biology with lectures, presentations, videos and simulations, reading, writing, model building, small group tutoring and, sadly, rote memorization of facts (Lu, Cowie, & Jones, 2010; Bell, 2001; Wood, 2001; Lock, 1998) . Technical complexity and the high cost of hands-on cell and molecular biology experiments, equally complicated digital simulations, and lack of resources hindered extensive use of hands-on experiments supporting classroom instructions. However, even excellent simulations cannot illustrate the richness and experience of hands-on exploration and execution of concepts discussed in class. Moreover, the content was taught in isolation from the social contexts which give it relevance. Thus, the students often didn't make connections between theory (concepts) and real-life situations (Penuel, 2016; Leonard & Chandler, 2003) . In order to reduce the disconnect between biology content and student interest and understanding, we discussed learning objectives, lack of improvement of test scores and the other key aspects for improvements with the students. They expressed a dissatisfaction (NRC, 1996) was found to be quite elusive even with watered down college style laboratories or dry simulations with little or no connection to our students' social lives. These techniques lacked the transformative experience assisting students to apply disparate and ordinarily intangible molecular and logical concepts to the tangible living world. We combined three independent ideas to enable students to read, comprehend, and express the scientific concepts in written format (Grant & Diana, 2011) , learn biological concepts with "Inquiry learning" due to its close similarity with the "scientific method" (NRC, 2000 (NRC, , 1996 Kaufmann, 1959; Dewey, 1938) and organize them insocial context (Penuel, 2016) . The problem with inquiry is acquiring conceptual knowledge from direct observations by using deductive questions (Oguz-Unver & Arabacioglu, 2014) and appropriate hypothesis (NRC, 2000) . However, most biology problems, especially at the high school level often do not have any tangible hypothesis. Therefore the end results cannot be used to prove or disprove the hypothesis. With a little accommodation, biological topics can be learned through identifying and solving socially and scientifically relevant multi-disciplinary but ill-defined problems (PBL) (Savery, 2006) . Or they can be learned through an extended hands-on inquiry process structured around complex, authentic questions and carefully designed complex but authentic projects and tasks (PjBL) (Regassa & Morrison-Shetlar, 2009; Wright & Boggs, 2002) . However, all three methods entail a similar but inherently different learning experience (Oguz-Unver & Arabacioglu, 2014) . So, we used multiple problem, projects and inquiries to support high school biology topics.
Our next challenge was time; we had to be pragmatic and adhere to the state's and district's biology standards (PA SAS, 2010) which emphasized learning of specific contents and their evaluation in precise sequence and pacing (School District of Philadelphia: Scope and Sequence). The students were also required to go through traditional assessments stressing factual recall and solving pen and paper based problems (Lock, 1997) . But making students learn science content hands-on and in the context of their lives (Koba & Tweed, 2016) takes time, tends to be confusing and requires multiple mid-course corrections during the learning process (NRC, 2000 (NRC, , 1996 .
The solution was to create a process that may help students develop their own deductive (research) questions and investigation, and thereby help them connect biology concepts to social problems ( Figure 1 ). In this student-centered social constructivist approach (Savery, 2006; NRC, 2000 NRC, , 1996 , biology students in small groups chose and applied appropriate biology concepts to explain common and society-wide bio-medical, agricultural and life-style problems (Koba & Lenz & Willcox, 2012; Domingos-Grilo, 2011; Reiss, 2005) . The results were discussed, analyzed and critiqued in class within and among the groups to support the development of reports and presentations, which typically measured progress towards the goals of PBL (Savery, 2006) . Final projects were evaluated by both internal and external examiners as an extended form of assessment to reflect a broad range of learning and cognitive outcomes (Cartier & Stewart, 2000) and genuine understanding (Gardiner & Farragher, 1999 ).
The last piece of the puzzle was evaluation of student performance in traditional tests, since a loss of test grades is sometime a problem in investigative classrooms (Domingos-Grilo et al., 2011) . We emphasized the importance of test grades to the students involved in this research. One author provided after school tutoring sessions two-three times a week throughout school year, and left all classroom and district mandated benchmark tests in place without any modification. We analyzed the student performance in fourth versus first quarter class (test and quiz) grades for every school year during this research work.
Research Questions
In this research, we answered the following questions:
• How does the practice of supplemental hands-on projects strengthen students' problem-solving skills and interest in connecting scientific concepts to social problems? • How does our process affect student performance in traditional tests? Are the skills translational between hands-on projects and traditional tests?
Methods
In practice, we adopted a student centric and constructivist process as opposed to traditional fact and concept centered approach to cater to all individuals in the biology class, including the teacher. In order to develop an appropriate method, we implemented our strategy twice on two different groups of 9 th grade biology students at the Carver High School of Engineering and Science (HSES) in Philadelphia. First, we implemented our strategy with a group of 33 students for a year and analyzed the outcome. We then tweaked the process following the suggestion from our students and colleagues. The modified strategies were reimplemented with two different groups with a total of 55 students (overview in Figure 1 ).
Settings for designing and implementation of supplemental projects: The first author taught biology at HSES which is a magnet school with a selective admission of students from the whole city. The standards and learning goals for the course were consistent with national and the State of Pennsylvania science standards (NRC, 1996 (NRC, , 2000 PA SAS, 2010 PA-SAS and SDP allowed the curricular units to be supported with hands-on laboratories at the discretion of the teacher and the availability of resources.
We made small modifications in the syllabus to integrate the projects seamlessly (Supplement A).
The first author lectured on the topic from assigned texts with intermittent dialogue and discussion with the students (didactic), and promoted memorization and rote learning as productive learning approaches (Lock, 1998) . The lectures were scientifically correct and seamlessly followed traditional biology teaching practices and the students' learning was evaluated with traditional content assessments and SDP benchmark tests common to all biology students in the school.
Design of supplemental hands-on problem-solving projects: The students worked on the projects in two stages. The first stage consisted of small demonstrations or hands-on laboratory experiments in which the students learned to align the results with corresponding biology content learned in the class, some of which were inspired by Serendip© studio projects (http://serendip.brynmawr.edu/biology/). But the problem identification, solving and interpretation were categorically facilitated by the teacher. These formative projects were done more than once during the school year following the outcome of a syllabus unit. The formative projects were followed by short discussions on the design and selection of final summative projects (DeHaan, 2009). The students completed the summative projects toward the end of the school year. They worked as independent operators with little guidance or direct intervention from the teacher, who acted as a resource and facility manager in these projects (Krajick, 2015) . With few exceptions, most of the students perceived science as a miracle that could be performed only by well-trained scientists, engineers or doctors. For most of these students scientific concepts were beyond their social realms and something that they were forced to learn against their primary beliefs. Based on social constructivist approach, we strongly encouraged the students to develop their scientific and technical thinking in context with relevant social problems (Lenz & Wllcox, 2012) rather than simple knowledge transmission (Saverym & Thomas, 1995) . This process, in turn, helped them to take more responsibility for their own learning. We encouraged both student-teacher and student-student interactions as ways for students to explore and evaluate ideas, resolve scientific misunderstanding and identify differences (Prawat, 1989) , as opposed to transmitting information without contributions from students (Yang, 2002) . The students were strongly encouraged to discuss their problems with other faculties and family members. The students learned to do research, real-life simulations, metacognition, data analyses and logical expression (synthesis) through both group discussion, and written and verbal means (Grant, The formative projects were socially relevant problems aligned to specific parts of the curriculum. The students learned scientific method by measuring and analyzing Body Metabolic Index (BMI); cell structure and function by writing stories and poems, and Mendelian genetics and probability by playing cards.
Cell division and sexual reproduction and pedigree analyses were taught with live Zebrafish (Danio rario) spawning, and molecular biology was taught by constructing cDNA and mRNA of human insulin gene with K'nex kits and demonstration of green fluorescent protein (GFP) gene cloning in E. coli bacteria (Supplement A). The first year's final challenge was to identify and solve multiple social problems with relevant biological concepts. We looked at the resultant data and added the senior students to mentor the freshmen with the idea that the seniors would inspire and guide younger students to solve problems efficiently. In the second year the final challenge problem was designed to increase awareness of organ and tissue and blood donation, since organ donation in Philadelphia lags surrounding counties. Learning and understanding the complex technicalities of organ donation easily supported cell biology, genetics, molecular biology and evolution. It also supported anatomy sections of the curriculum and facilitated the development of final independent projects. From the social point, organ donation was a worthy cause for the students to understand because organ donations give second chances to the recipients and organ donors are real heroes. We emphasized that the organ donation organizations are not organ harvesters and that the donation process is actually designed to reduce any procedural risk, contrary to the common belief (unpublished data).
Evaluation of student performance: The success of our strategy and its applicability in teaching high school biology was identified by successful completion of final student crafted projects and analysis and interpretation of results, and students' performance in friendly competitions. The students were made aware that they need to take and pass all tests including district mandated benchmarks, and we recorded the first versus fourth quarter grade averages.
Outcomes of all projects were evaluated by multiple measures independent of the test grades. In-class projects were evaluated by the peers, mentors, student teachers and authors. This practice led to the development of final projects either by pairs or individual students. The final project reports and presentations were evaluated by a combination of internal and external evaluators. We discussed the rough copies of the results and analyses in class to aid the development of final reports and presentations. They were then evaluated by external examiners following pre-determined rubrics to measure the progress of students' understanding of the problem (Supplement C). We developed the evaluation rubrics following Intel International Science and Engineering Fair (ISEF) evaluation rules (IRPSR, 2017) , and relevant PA-SAS (Table 7) and NRC inquiry (NRC, 2000) standards (Table 7) . In our rubric, we put the most emphasis on students' understanding of the scientific and We also applied a few specially designed assessments, which were pre-and midterm (and external SDP benchmark II) tests developed in house with items aligned to the above-mentioned standards to measure the relevancy of our process (Table 7) . Pre-and midterm tests contained both multiple choice and short answer items and the benchmark contained all but one multiple choice item.
Semantic differential test of student attitude: Students' interest in science subjects was estimated with a semantic differential analysis with seven paired adjectives (like the Likart scale) applied to three different questions about their attitudes toward reading, writing, and problem solving (Osgood, Suci, & Tannenbaum, 1957 ) (Supplement B).
Results
First year: Evaluation of final summative projects grades showed that among 33 students, 26 (78.8%) received 80% (B) or above, 5 (15.2%) received below 80% (B) and 2 (6.06%) were unsuccessful ( Table 1 ). The percent of these students with positive attitudes (using semantic pair of adjectives) towards reading, writing and problem solving were 85.7, 88.6 and 68.6, respectively (Table 2) .
Average class grades composed mostly of traditional test and quizzes in the 1 st and 4 th marking periods changed from 76.2 to 82 (Table 3 ).
Second year: In this iteration, we compared of the project, test and attitude grades from introduction and completion of the trial. Evaluation of the project Seven pairs of semantics (adjectives) with three positive trends (range value max. 3 → 1 min. = (+21 to +7)/7), three negative trends (range value max. −3 → −1 = (−21 to −7)/7) and one neutral trend (range value = 0/7) for problem solving, reading and writing in science were used, where all pairs weighted equal. We identified any value <1 as either neutral or negative attitude of a student towards that specific attribute. (Table 6 ).
The grades from the specially made tests with items aligned to PA-SAS and NRC inquiry standards relevant to ISEF rules, showed that 6.06 and 45.5 percent students solved problems in pretest and midterm test (posttest), respectively and 50% students exhibited success in content knowledge in both ( 
Discussion and Conclusion
This study was meant to evaluate the effectiveness of small hands-on inquiry style projects supplementing traditional high school biology coursework. The results showed that it successfully improved problem solving skills (Table 5 and   Table 6 ) without compromising test grades (Table 3) , which was a major concern in this setting (Domingos-Grilo et al., 2011) . More students improved their problems solving skills while retaining content knowledge as evidenced by preand midterm test data (Table 7) . We compared the student success in the in house (Table 7) Table 4 . Beginning and year end (pre-and post-) attitude Tests were done in parallel with 1 st vital-sign (basic metabolic index or BMI) and final biology projects, respectively (66 and 55 students in two sections 2010). The data showed percent of students with positive attitude towards either reading, writing or problem solving in biology. The students were made aware more than once that the test was about their attitude towards science.
Seven pairs of semantics (adjectives) with three positive trends (range value max. 3 → 1 min. = (+21 to +7)/7), three negative trends (range value max. −3 → −1 min. = (−21 to −7)/7) and one neutral trend (range value = 0/7) for problem solving, reading and writing in science were used, where all pairs weighted equal. We identified any value < 1 as either neutral or negative attitude of a student towards that specific attribute. Table 5 . Number and percent of students received 80% or above in 1 st vital-sign (basic metabolic index or BMI) and final biology projects. The 80% grade cut-off was used to keep parity with average traditional final test grade in Table 3 . section, which showed better evidence of improved student performance in all three groups of standards. The students showed slim improvement in predictive skills from pre-to benchmark tests (63.3% to 75.4%). Ultimately, for several students the experience was so transformative that they successfully completed independent science fair projects (Table 8) .
A. Basu et al. The improvement of students' attitudes towards reading, writing and solving problems (Table 4 ) was in line with improvement in content knowledge, since increasingly complex traditional tests did not depress the average class grade (Table 3) . But their confidence level in problems solving differed with actual skills either in projects or standard aligned tests (Table 4 and Table 7 ). All project grades came from both verbal and written interpretation of the results, but the students scored better in the multiple-choice tests (93.1% in Benchmark 
